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CFO 15325 US 



Displacement Detection Apparatus, and 



Magnetic Recording Apparatus and Encoder 



Using the Displacement Detection Apparatus 



BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a displacement 
detection apparatus for optically detecting a small 
movement of an object in an industrial manufacturing 
apparatus or the like in a non-contact state, and a 
magnetic recording apparatus as an industrial product 
manufacturing apparatus using the displacement 
detection apparatus . 
Related Background Art 

For example, in the process of magnetically 
recording a servo pattern on the surface of a disk in a 
hard disk device (HDD) used in a computer, the position 
of the magnetic head must be sequentially shifted by a 
predetermined amount . 

The positioning resolving power requires an 
accuracy of several nm along with the increase in 
density of^n HDD. To realize such positioning on the 
several nm oMer, a resolving power and stability more 
than those of aVlaser interf erometric measuring machine 
are required. InVecent years, a grating interference 
rotary encoder is us^ed. 

Fig. 1 is a schematic view of a conventional 



positioning apparatus for servo track signal writing. 

A rotary positioner 1 is constructed by a 
positioning control motor 2, a rotary encoder 3 
attached to the motor 2 to detect the rotation amount 
of the rotating shaft, an arm 4, and a pushrod 5 
projecting from the distal end portion of the arm 4. 

The rotary positioner 1 is connected to a computer 
7 through a control system 6 . 

In operation, while rotating and sequentially 
feeding the arm 4 in a small amount to position it by 
the rotary positioner 1 , a small current is supplied to 
a voice coil motor 8 to move a head arm 9 and bring it 
into contact with the pushrod 5 . 

Itence, the movement of the head arm 9 matches that 
of the \ushrod 5 . When vibration by rotation of the 
hard disik is transmitted to the head arm 9 and then to 
the motor \ through the cylindrical surface of the 
pushrod 5, Highly accurate positioning by the rotary 
positioner sAtem is impeded to deteriorate the writing 
performance fon information such as servo track signals 
at a high density. 

Various kinds of methods using an optical sensor 
for optically detecting the head arm 9 itself in a 
non-contact state at an nm-order resolving power 
stability have also been examined. 

However, since these methods require an expensive 
diffraction grating on the head arm 9 or special 
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working, a demand has arisen for a more inexpensive and 
effective method. 



SUMMARY OF THE INVENTION 
5 It is an object of the present invention to 

provide a displacement detection apparatus for 
detecting a movement of the head arm 9 in a non- contact 
state, which is implemented without arranging any 
large-scale member on the head arm side. 

10 Especially, it is an object of the present 

□ 

t ( £, invention to provide a compact and lightweight 

U 

£.=1 displacement detection apparatus which allows position 

J==j detection and positioning of a head arm at high 
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reliability, high accuracy, and high resolving power 
15 using a non-contact optical means, and a magnetic 
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£ A recording apparatus and encoder using the displacement 

detection apparatus . 



BRIEF DESCRIPTION OF THE DRAWINGS 
20 Fig. 1 is a perspective view showing the 

arrangement of a conventional positioning apparatus for 
servo track pattern writing; 

Fig. 2 is a view showing the arrangement of an 
embodiment ; 

25 Fig. 3 is an explanatory view of a shift between 

two polarized light beams by crystal parallel plate; 

Fig. 4 is an explanatory view of an illumination 
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light beam by an optical displacement detection 
apparatus ; 

Fig. 5 is a graph for explaining the output signal 
waveforms of the optical displacement detection 
5 apparatus ; 

Fig. 6 is a graph for explaining a difference 
signal obtained from the output signal waveforms of the 
optical displacement detection apparatus; 

Fig. 7 is a view showing the arrangement of a hard 
'« 10 disk drive servo track pattern writing apparatus using 
^ the optical displacement detection apparatus; 



Fig. 8 is an explanatory view of a shift between 

two polarized light beams by a 2 -beam Wollaston prism; 

jj= Fig. 9 is a view showing an application example of 

= ; = 15 a linear encoder to an origin detection optical system; 
£3 

M Fig. 10 is a view showing an application example 

of a linear encoder to an origin detection optical 
system; 

Fig. 11 is a view showing the arrangement of an 
20 optical displacement detection apparatus according to 

another embodiment when a level difference is generated 
between light receiving elements; 

Fig. 12 is an explanatory view of an illumination 
light beam by an optical displacement detection 
25 apparatus; 

Fig.. 13 is a graph for explaining the output 
signal waveforms of the optical displacement detection 



apparatus ; 

Fig. 14 is a graph for explaining the output 
signal waveforms of the optical displacement detection 
apparatus ; 

Fig. 15 is a graph for explaining the difference 
signal between the output signal waveforms of the 
optical displacement detection apparatus; and 

Fig. 16 is a view showing the arrangement of a 
hard disk drive servo track pattern writing apparatus 
using the optical displacement detection apparatus. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

The present invention will be described in detail 
on the basis of the embodiments shown in Figs. 2 to 16. 

Fig. 2 is a view showing the arrangement of an 
optical displacement detection apparatus according to 
an embodiment. A collimator lens 12 , non-polarization 
beam splitter B3, objective lens 14, and crystal plate 
15 are arranged ifci the emission direction of a light 
beam from a semiconductor laser source 11. A 
polarizing prism 16 isVarranged in the reflection 
direction of the non-po^rization beam splitter 13. A 
light receiving element 17\is arranged in the 
reflection direction of the Jy.arizing prism 16 , and a 
light receiving element 18 is arranged in the 
transmission direction of the polarizing prism 16 . 



A hea\arm 20 to be measured is arranged under the 
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crysta^. plate 15. 

A linearly polarized light beam from the 
semiconductor laser source 11 is converted into an 
almost parallel light beam by the collimator lens 12, 
transmitted through the non-polarization beam splitter 
13, focused by the objective lens 14, and transmitted 
through the crystal plate 15 . 

As shown in Fig. 3, the crystal plate 15 has a 
thickness t. The crystal plate 15 is defined as a 



*™ 10 parallel plate whose normal line of a boundary surface 



makes an angle e with respect to the optical axis. For 
incident light whose wave vector is parallel to the 
drawing surface, the drawing surface is the major 
section. Both the wave vector and ray vector of 
15 refracted light are parallel to the drawing surface. 
M For a plane wave that vertically becomes incident , 

the wavefront is not refracted, and the wave vector 
does not change its direction for both an ordinary wave 
o and an extraordinary wave e. For the ray vector, the 
20 ordinary wave (o) does not change its direction, though 
the extraordinary wave (e) propagates in a direction 
shifted by ((>, as is represented by 
tan((> = {(no2 - ne2 ) sine * cose} / 
{ne2*cos26 + no2 • sin29} 
25 The two polarized light beams o and e become 

parallel when they emerge from the crystal plate 15. 
As shown in Fig. 4, a lateral shift amount d is given 



- 7 - 



by 

d = tanc|> " t 

Hence, when the crystal plate 15 has an 
appropriate thickness t, the principal rays of the 
5 polarized light beams o and e emerge while being 

shifted by a predetermined amount . The two light beams 
emerging are linearly polarized waves whose planes of 
polarization are perpendicular to each other. With the 
J J focusing function of the objective lens 14, the 

« 10 linearly polarized light beams that are perpendicular 
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to each other are focused into spots each having a 
focus diameter w or lines each having the focus width w 
near a slit -shaped marking M , which is formed on the 
head arm 20, at positions spatially separated from each 

15 other, as shown in Fig. 2. 

Fig. 4 is an explanatory view of the portion of 
the marking M illuminated with the light . When the 
slit- shaped marking M formed on the head arm 20 passes 
through the region where the two polarized light beams 

20 o and e are focused, the reflected light amounts are 
modulated at different timings . 

Referring to Fig. 2, the two reflected light beams 
from the region where the slit -shaped marking M passes 
through pass through the crystal plate 15. The 

25 principal rays of the two light beams match again and 
are returned to the non-polarization beam splitter 13. 
The light beams are split into transmitted light 
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and reflected light by the non-polarization beam 
splitter 13. In this embodiment, only the reflected 
light is used. 

Although the principal rays of the two reflected 
polarized light beams match, the planes of polarization 
are kept unchanged. Hence, the light reflected by the 
non-polarization beam splitter 13 is guided to the 
polarizing prism 16 , and split in accordance with the 
planes of polarization of the ordinary light beam (o) 
and extraordinary light beam (e) . The split light 
beams become incident on the light receiving elements 
17 and 18, respectively. 

Fig. 5 is a graph showing changes in reflected 
light amounts, i.e., incident light amounts onto the 
light receiving elements 17 and 18 when the slit -shaped 
marking M relatively moves through the two focusing 
regions. An optimum resolving power is obtained when 
each focusing width (for spot focusing, focusing 
diameter) w almost equals the slit width d, and a 
displacement P between the two focused light beams 
almost equals the slit width d . 

The displacement is detected on the basis of 
changesV.n signal levels of the two signals. More 
preferabl\, the difference signal between the two 
signals isVetected, and a predetermined level Vf near 
the zero-croas point is defined as a reference 
position, as saiown in Fig. 6. When the slit-shaped 
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marking M relatively shifts to the left or right, the 
signal level rises or drops. When the slit-shaped 
marking M moves by the width d, the signal level 
changes from the maximum value to the minimum value. 
For example, when the marking width d is set at 5 um, 
and the\signal level is divided into 4,096 steps using 
an A/D converter, an resolving power of about 1.25 nm 
can be obtained. When not the whole signal level but 
only the signal level of 1.0% near the zero-cross point 
is divided iVto 4,096 steps by the A/D converter, a 
resolving powW about 10 times higher (0.125 nm) can be 
obtained. 

In the above embodiment, a slit-shaped marking is 
used. However, even when a pattern formed by some 
printing or photo process, or a mere scribe line is 
used, different reflected states can be obtained, and 
the same effect as described above can be obtained. 

Eig. 7 is a view showing an embodiment in which 
the opt^;al displacement detection apparatus of the 
above embodiment is applied to a servo pattern 
recording apparatus for an HDD. A rotary positioner 24 
formed from a\ encoder 2 2 and motor 23 is arranged 
above an HDD housing 21. An optical displacement 
detection apparatus 26 according to the above 
embodiment is attached to the distal end of a rotary 
arm 25. The center o\ the rotating shaft of the rotary 
positioner 24 preferabj\r matches the central axis of 
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rotation of a head T^rm 20 in the housing 21. 

A head 27 is attached to the distal end of the 
head arm 20 . 

Thei detection apparatus 26 of this embodiment has 
an outer Isize of about 20 mm and is very compact. The 
apparatus! does not adversely affect rotary positioning 
control ofl the rotary positioner 24 by a computer 28 
and control system 29. The signal from the detection 
apparatus 2b is input to an A/D converter in the 
computer 28 ^through a junction circuit. In the 
computer 28, tthe numerical value of the A/D converter 
is monitored. \lf a displacement is detected, a 
rotation instruction is issued to an HDD voice coil 
motor 30 connected therewith. A control system 31 is 
formed for the puspose of canceling the generated 
displacement . 

That is, control is performed such that the 
detection apparatus 26 arranged on the rotary 
positioner 24 and the slit -shaped marking M by the head 
arm 20 hold a predetermined positional relationship. 

The process of writing a servo track signal on the 
hard disk of the HDD will be described. 

(1) The rotary positioner 24 is rotated and 
scanned by the control system 29, and the optical 
displacement detection apparatus 26 detects a position 
where the displacement signal has a predetermined value 
above the slit -shaped marking M on the head arm 20 in 



the housing 21, and fixes the positional relationship 
under the control . 

(2) The rotary positioner 24 is rotated to a 
predetermined position by the control system 29, and a 
signal is supplied to the HDD head 2 7 to record a servo 
track signal . 

The head arm 20 in the housing 21 is made to 
follow up the rotation of the rotary positioner 24 by 
the control system 31. 

(3) The predetermined position of the rotary 
positioner 24 is updated, and servo track signals are 
sequentially recorded on a hard disk D. 

With this arrangement, servo track signals at a 
high density can be recorded on the hard disk D. The 
following modifications can be made on the basis of the 
above embodiment . 

(i) The non-polarization beam splitter 13 for 
guiding an illumination light beam from the light 
source 11 to the measurement surface and guiding 
reflected light beams from the measurement surface to 
the light receiving elements 17 and 18 can be changed 
to a diffraction grating having an equivalent function. 

In addition, the optical path of the illumination 
light beam and that of the reflected light beam are 
spatially separated by generating a difference between 
the incident angle of the illumination light beam to 
the measurement surface, i.e. , the head arm 20 and the 
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exit angle of the reflected light beam, and one of the 
light beams may be split using not the non-polarization 
beam splitter 13 but a small mirror. 

(ii) Although the collimator lens 12 and objective 
lens 14 are used above to focus the light and 
illuminate the measurement object with the light, the 
two elements may be integrated. The light may be 
focused not into a spot but into a line extending along 
the direction of the slit -shaped marking M. 

In this case, the objective lens 14 need be formed 
from not a spherical lens but a cylindrical lens. 

With this arrangement , a flaw is hardly 
erroneously detected as the slit -shaped marking or 
scribe line, and more stable detection can be 
performed. 

(iii) A single crystal plate 15 is used above as a 
crystal optical element. However, it may be changed to 
another polarizing element having an equivalent 
function, e.g., a 2-beam Wollaston prism 15* shown in 
Fig. 8. 

(iv) In the embodiment, the reflected light beam 
from theV two illumination light beams is split by the 
polarizing^prism 16, and the respective light beam 
components ai^e sent to the separate light receiving 
elements 17 anck 18. However, as shown in Fig. 9, 
instead of separating the light receiving elements 17 
and 18, they may b\a formed into a 2-division photodiode 



to directly receive the light beams. In this case, 
when polarizing plates 31 anfl 32 are inserted 
immediately before the light receiving elements 17 and 
18, the signals of the respecti^ polarized light 
components can be detected, and tiae optical system can 
be very simple and assembled in easy way. 

(v) In the above embodiment, the displacement 
detection apparatus is applied to an HDD servo pattern 
recording apparatus . The displacement detection 
apparatus can\also be applied to the origin detection 
optical system of an optical encoder. For example, as 
shown in Fig. 10, \he slit -shaped marking M is formed 
on the rotary encodeAdisk D, portions that are 
spatially shifted are ilbOuminated with two light beams, 
and the reflected light be^ams are received. 

For example, a portion where the difference signal 
between the light receiving signals becomes zero is 
defined as the origin of the encoder. 

In the embodiment , to linearly illuminate the 
object in accordance with the slit -shaped marking M, a 
cylindrical lens is used as the objective lens 14. 

Fig. 11 is a view showing the arrangement of 
another embodiment for detecting the origin of a linear 
encoder. A linear encoder scale S is partially coated 
with a non -reflecting object W to give a boundary 
portion, i.e., level difference, portions that are 
spatially shifted are illuminated with two light beams. 
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and reflected light beams are received. 

In this embodiment, since the illumination light 
is focused into a linear shape extending along the 
boundary portion, a cylindrical lens 41 is used as an 
5 objective lens 14 to prevent the influence of a small 
defect and the like. 

Fig. 12 is an explanatory view of still another 
embodiment. In this embodiment, not a marking M but 
the boundary portion (end portion) of the metal 
10 reflecting object of a head arm 20 is used. 

As shown in Fig. 11, when the boundary portion 
passes through the region illuminated with two light 
! & beams by relative movement, the reflected light amounts 

are modulated at different timings . 

ru 

15 The two reflected light beams from the reflecting 

u 

^ object are transmitted through a crystal plate 15. The 

principal rays of the two light beams match again, are 
returned to a non-polarization beam splitter 13, and 
split into transmitted light and reflected light by a 

20 polarizing prism 16. As in the above embodiment, an 
ordinary light beam (o) and extraordinary light beam 
(e) become incident on light receiving elements 17 and 
18, respectively. 

Fig. 13 is a graph showing changes in reflected 

25 light amounts from two focusing regions, i.e., incident 
light amounts onto the light receiving elements 17 and 
18 when the boundary portion (end portion) of the metal 



- 15 - 



reflecting object of the head arm 20 is illuminated. 
The displacement is detected on the basis of changes in 
signal levels of the light receiving elements 17 and 
18. Basically, the signal of one light receiving 
element 18 is detected. When a predetermined reference 
level Vf is defined as a reference position, and the 
boundary portion of the reflecting object relatively 
shifts to the left or right, the signal level rises or 
drops. The signal from the light receiving element 17 
is used for discrimination of the other of the two 
boundary portions of the reflecting object. 

At a cross point XI between the reference level Vf 
and theVLight receiving element 18, the incident light 
amount onto the light receiving element 17 is minimum. 
When the boundary portion moves by a focusing light 
beam width wL the signal level changes from the maximum 
value to the minimum value . For example , when the 
focusing light Vtfidth w is set at 5 pm, and the signal 
level is divided^ into 4,096 steps using an A/D 
converter, an reserving power of about 1.25 nm can be 
obtained. When noAthe whole signal level but only the 
signal level of 10% r^ear the zero -cross point is 
divided into 4,096 steVs by the A/D converter, a 
resolving power about lOw times higher (0.125 nm) can be 
obtained. 

As shown in Fig. 15, the difference between the 
light receiving amounts obtained by signals of the 
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light receiving elements 17 and 18 as shown in Fig. 14 
may be obtained, and the zero-cross position of the 
difference signal between the light receiving elements 

17 and 18 may be defined as the reference position XI. 
This can be implemented by intentionally unbalancing 
the amounts of the two light beams with which the 
object is illuminated or adding a filter immediately 
before the light receiving elements 17 and 18. The two 
light beams with which the object is illuminated have 
polarization planes that are perpendicular to each 
other. For that reason, an angle t| made by the plane 
of polarization of a laser diode 11 and a vector 
obtained by projecting the optical axis in the crystal 
plate 15 onto the incident surface may be shifted from 
45° . 

The incidence ratio between the ordinary light 
beam (o) and the extraordinary light beam (e) which 
become incident on the light receiving elements 17 and 
18, respectively, is cosr| : sinn. When the angle t| is 
set to about 27° , the ratio can be 2 : 1. 

In addition, a polarizing plate or polarizing 
filter may be added immediately before the light 
receiving element 17. 

Referring to Fig. 15, the zero-cross signal of the 
difference signal between the light receiving element 

18 for receiving the extraordinary light beam e and the 
light receiving element 17 for receiving the ordinary 
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light beam o directly corresponds to the reference 
position XI . 

There are two more zero positions of the 
difference signal. 

5 When both two light beams deviate from the two 

boundary portions of the head arm 20, the reflected 
light amounts of both the light receiving elements 17 
and 18 are zero. Not to detect this state, a 
determination rateans for determining whether the signal 

0 level of the ligh\ receiving element 17 exceeds the 
reference level Vf \n Fig. 14 is added. 

The reference position XI is detected when the 
signal level of the light receiving element 17 exceeds 
the reference level Vf and the difference signal is 

5 zero. 

Fig. 16 is a view showing an embodiment in which 
the optical displacement detection apparatus of the 
above embodiment is applied to an HDD servo track 
pattern recording apparatus . 

0 Fig. 16 is different from Fig. 7 of the above 

embodiment in that a head arm 20 has no marking M but 
the boundary portion of a metal reflecting object . 

The process of writing a servo track signal in the 
hard disk of the HDD in this embodiment is the same as 

5 in (1) to (3) described above. However, although the 

marking M is used in the above embodiment , the boundary 
portion with a different reflectance is used in this 
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embodiment . 

This also applies to the modifications (i) to (v) 
"described above. 

As has been described above, the optical 
displacement detection apparatus and the magnetic 
recording apparatus using the displacement detection 
apparatus of the present invention are more 
advantageous in the following points than the 
conventional scheme. 

(a) A marking can be formed on the upper surface 
of the he*ad arm only by a process of forming a scribe 
line. A boundary portion can be formed only by 
providing a mtetal element having a different 
reflectance. .alternatively, instead of forming a 
marking, the metal element to be detected itself can be 
used. The arrangement is very simple and easy. 

(b) Since the signal level is increased or reduced 
by a displacement, a pulse counter as in the prior art 
using a laser interf erometric measuring machine can be 
omitted, and signal processing is easy. Especially, 
since the direction of displacement can be determined 
on the basis of whether the signal level rises or 
drops, signal processing is easy. 

(cO Since a point near the zero level of the 
signal difference from two points that are separated by 
a small distance is used as a reference, the variation 
in reflectance of the head arm rarely has few 
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influence, aim the processing is stable. In addition, 
since a variation in scribe line state or a fluctuation 
in illumination YLight beam rarely affects the 
difference signa\, the signal can be stably detected. 

(d) The vertical vibration of the head arm due to 
surface vibration in rotating the hard disk basically 
has no influence. 

(e) Since the marking or boundary portion on the 
head arm can be easily formed near the magnetic head, a 
displacement can be detected at a high resolving power. 

(f) Since the number of components of the optical 
system is small, the apparatus can be made compact and 
lightweight . 



